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likely associated with carotid atheroma but more likely
with impaired cerebral collateral circulation, cerebral small
vessel disease and intracranial large vessel disease, respec-
tively; and (3) normal CT.
The aims of this cross-sectional study were to deter-
mine the ultrasonic characteristics of carotid plaques and
the degree of stenosis that were associated with the vari-
ous patterns of brain CT infarctions and to identify possi-
ble pathogenetic mechanisms of the above CT patterns.
METHODS
Patients and design of the study. Four hundred
nineteen carotid bifurcation plaques (315 consecutive
patients; 212 men and 103 women; mean age, 70 years;
range, 41-85 years), producing stenosis from 50% to 99%
on duplex scanning and associated with amaurosis fugax
(AF), hemispheric transient ischemic attack (HTIA),
stroke or asymptomatic status on the ipsilateral retinal or
hemispheric side, were studied. Two hundred seventy-
three plaques were asymptomatic (218 patients, 139 men
and 79 women) and 146 symptomatic (97 patients, 73
men and 24 women).
Each plaque was treated as an independent case (unit of
the study) and defined the side of interest on each patient.
Two hundred eleven patients presented with unilateral and
104 patients with bilateral carotid atheromas that could be
subjected to analysis. Only neurovascular symptoms within
the last 6 months on the side of interest (> 50% stenosis) were
noted. Patients with symptoms on the appropriate side
It has been suggested that (1) the discrete subcorti-
cal1,2 and cortical infarctions3,4 on brain computed
tomography (CT) are most likely associated with carotid
bifurcation atherosclerotic disease or cardioembolism, (2)
the widespread white matter lesions5 and lacunae3,6 on
brain CT are less likely associated with carotid bifurcation
plaques or cardioembolism, (3) the basal ganglia infarc-
tions on brain CT are associated with cardioembolism,
middle cerebral artery lesions and carotid plaques,7-11 and
(4) the hemodynamic infarctions on brain CT are most
likely associated with an impaired cerebral collateral circu-
lation and carotid atheroma.12-21
On the basis of the above and after the exclusion of
cardioembolism we grouped together (1) the discrete sub-
cortical and cortical brain CT infarctions (pattern A)
whose presence is most likely associated with extracranial
carotid atherosclerosis; (2) the hemodynamic CT infarc-
tions, widespread white matter lesions and lacunae and
basal ganglia infarctions (pattern B) whose presence is less
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Purpose: It was suggested that in the absence of cardioembolism the discrete subcortical and cortical infarctions on brain
computed tomography (CT) are most likely associated with carotid atheroma, whereas the hemodynamic infarctions,
diffuse widespread white matter lesions, lacunae and basal ganglia infarctions are most likely associated with other
pathologic conditions. The aim of this study was to determine the ultrasonic characteristics of carotid plaques and the
degree of stenosis that were associated with the different brain CT infarction patterns and normal CT (pattern A, dis-
crete subcortical and cortical infarctions; pattern B, hemodynamic infarctions, diffuse widespread white matter lesions,
lacunae and basal ganglia infarctions).
Methods: Four hundred nineteen carotid plaques (315 patients), producing 50% to 99% stenosis on duplex scanning,
were studied. These plaques were imaged on duplex scanning, captured, digitized, and normalized (standardized) in a
computer. Subsequently, their gray scale median (GSM) was evaluated to distinguish quantitatively the hypoechoic (low
GSM) from the hyperechoic (high GSM) plaques. The brain CT infarction patterns of A, B, or normal CT on the ipsi-
lateral hemisphere were noted.
Results: The pattern A brain CT infarction was associated with carotid plaques having median GSM of 11 and median
degree of stenosis of 80%, as contrasted with pattern B (median GSM, 28.5; median degree of stenosis, 75%) or nor-
mal CT (median GSM, 22; median degree of stenosis, 75%) (Kruskal-Wallis test, P < .001 for the GSM and P = .002
for the degree of stenosis). In the logistic regression analysis only the GSM and not the degree of stenosis distinguished
the plaques associated with the three CT patterns.
Conclusions: The pattern A brain CT infarction was associated with hypoechoic plaques suggesting an involvement of
extracranial carotid artery embolization, whereas the pattern B was associated with hyperechoic plaques suggesting an
involvement of other mechanisms (hemodynamic, intracranial small and large vessel disease). (J Vasc Surg 2001;33:334-9.)
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before the sixth month from recruitment were excluded.
This exclusion criterion was based on the fact that a plaque
may change hemodynamically and echomorphologically dur-
ing a period of time. In the current study the intention was
to “incriminate” the plaque under investigation for the devel-
opment of symptoms and CT infarctions. Asymptomatic
sides were considered those that were never related to a reti-
nal or hemispheric symptom on the side of interest. In the
final analysis, symptoms on the sides with < 50% carotid
stenosis and in the vertebrobasilar system were of no interest.
We excluded plaques causing stenosis < 50% because it is
more probable for a symptom thought to be due to carotid
atheroma to be produced by a stenosis > 50%, as suggested
by the NASCET collaborators.22 The same position applies
to the relationship of CT infarctions and carotid stenosis.23
The clinical evaluation of patients was done by a neu-
rologist who was unaware of the duplex findings and was in
accordance with the recommendations of the Committee
for the Classification of Cerebrovascular Disease III.24
The patients were recruited on presentation for their
duplex scanning in our vascular laboratory, having been
referred from medical, neurologic, or vascular surgical
clinics. The reason for referral was either a neurovascular
symptom or a carotid bruit.
The ultrasonic characteristics and degree of stenosis of
the carotid plaques under study were evaluated on presen-
tation. All patients had a brain CT scan on recruitment,
and all ischemic or hemorrhagic lesions on the side of
interest were noted.
The frequencies of neurovascular symptoms (AF, HTIA,
stroke and asymptomatic status) on the side of interest
appear in Table I. Patients with cardioembolic conditions,
such as atrial fibrillation, aortic or mitral valve pathologies,
recent (less than 6 weeks from the neurovascular event)
myocardial infarction, prosthetic cardiac valves and heart
failure, were excluded by a cardiologist on clinical and elec-
trocardiographic grounds. These conditions (> 50% carotid
stenosis and exclusion of cardioembolism) ensured the
implication of carotid atheroma as the most likely cause in
the pathogenesis of the neurovascular pathology.
Ultrasonographic evaluation: the grading of inter-
nal carotid artery stenosis. The severity of carotid steno-
sis was assessed on duplex scanning on recruitment by three
experienced operators (T.J.T., M.M.S., T.S.E.) with an ATL
HDI 3000 (Advanced Technology Laboratories, Bothell,
Wash) scanner. This entailed a hemodynamic evaluation of
the index stenotic vessel based on known criteria for > 50%
stenosis,25 > 60% stenosis,26 > 70% stenosis,27 > 80% steno-
sis and > 90% stenosis,28 > 95% stenosis,29 and occlusion.30
The hemodynamic parameters that were taken into account
were peak systolic velocity of the internal and common
carotid artery, end-diastolic velocity of the common carotid
artery, and the ratios of (1) the peak systolic velocity of the
internal over that of the common and (2) the peak systolic
velocity of the internal over the end diastolic velocity of the
common carotid artery. These criteria have been used for
many years in our laboratory, and one (using the ratio of the
peak systolic velocity of the internal over the end diastolic
velocity of the common carotid artery for the evaluation of
> 80% and > 90% stenosis)28 has been validated by us
against angiography. All the velocity cutoff points were
related to the angiographic evaluation of stenosis on the
basis of the criteria used in the North American
Symptomatic Carotid Endarterectomy Trial.31,32
Ultrasonic characteristics of carotid plaques. The
evaluation of the ultrasonic characteristics of carotid
plaques was based on a well-validated method (scanning,
image capturing to a computer, digitization, normalization
[standardization], and finally evaluation of the overall
brightness of the plaque images with the gray scale median
[GSM]).33-35 This index (GSM) was used to distinguish
quantitatively the hypoechoic (low GSM) from the hyper-
echoic (high GSM) plaques. The above-cited echo analysis
was performed on presentation of the patients by the same
three experienced operators (T.J.T., M.M.S., T.S.E.).
Neuroradiologic evaluation: brain CT scans.
Unenhanced brain CT scans were performed on all
patients on presentation, and the ischemic lesions in the
anterior and middle cerebral artery area on the side of
investigation (> 50% stenosis) were noted. Hemorrhagic
infarctions and cerebral hemorrhages on the side of inter-
est were also sought. Brain CT infarcts on the sides with
< 50% carotid stenosis or infarcts in the posterior cerebral
circulation areas were of no interest.
More specifically, we studied the brain CT scan that
was performed on all patients either after the sixth week
(in the symptomatic patients) or within a week (in the
asymptomatic patients) from their recruitment. The tim-
ing of 6 weeks was selected to optimize the detection of
ischemic infarctions in evolution on brain CT.36
An ischemic infarction on brain CT was defined as a
low attenuation area of varying size that was usually con-
fined to one vascular territory and rarely straddled two dif-
ferent vascular territories or was located in the border
zone between the two. Hemorrhages and hemorrhagic
infarctions were diagnosed in the presence of areas of high
density on brain CT.
The TOSHIBA XPRESS/HSI scanner was used. The
films were reviewed by a consultant neuroradiologist who
was unaware of the patients’ clinical and duplex profiles.
The following types of brain CT ischemic infarction were
sought on the basis of a proposed classification scheme1: 
• Absence of infarct: normal scan.
• Discrete subcortical: rounded well-circumscribed
hypodense lesions greater than 1 cm in size, adjacent to
apparently noninvolved cerebral cortex in the anterior
and middle cerebral artery territory.
• Large cortical: mainly infarcts with cortical distribution
occupying more than 50% of the entire anterior and
middle cerebral artery territories.
• Small cortical: cortical distribution infarctions occupy-
ing less than 50% of the entire anterior and middle
cerebral artery territories.
• Watershed/hemodynamic/low perfusion: hypodensi-
ties involving cortical and subcortical areas in the
periphery of the middle cerebral artery.
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• Diffuse white matter low-density changes: areas of low
density often not well circumscribed in the periventric-
ular area.
• Basal ganglia ischemic lesions: infarcts (hypodensities
with diameter greater than 1 cm) or lacunae (hypoden-
sities with diameter less than 1 cm) in the striatum.
In the current study, after the exclusion of cardioem-
bolism, the brain CT infarctions were placed into (1) pat-
tern A (discrete subcortical and cortical brain CT
infarctions), (2) pattern B (hemodynamic CT infarctions,
widespread white matter lesions, lacunae and basal ganglia
infarctions), or (3) normal CT. When both pattern A and
pattern B CT brain lesions were present, the infarcts were
classified as pattern A lesions.37
Statistical analysis. The statistical package SPSS for
Windows (release 9) was used for data analysis. The
Kolmogorov-Smirnov test was performed to evaluate the
normality of the distributions (GSM and degree of steno-
sis). The Kruskal-Wallis test and multinomial logistic regres-
sion were performed to separate the plaques associated with
the three brain CT patterns (pattern A, pattern B, and nor-
mal CT) in terms of the GSM and the degree of stenosis.
The accepted level of statistical significance was 5%.
RESULTS
In our series five patients were found to have atrial fib-
rillation and were excluded from the group of 315 patients
(419 plaques).
Table I summarizes the distribution of CT findings on
the side of interest (patterns A and B and normal CT). No
cerebral hemorrhages or hemorrhagic infarctions were radi-
ologically diagnosed in our study on the side of interest.
The one sample Kolmogorov-Smirnov test was per-
formed on both the distribution of GSM and degree of steno-
sis and demonstrated their non-normality (P < .05). The
above dictated the use of nonparametric tests in our analysis.
Comparison of the distributions of the GSM and the
degree of stenosis of the plaques that were associated
with patterns A and B brain CT infarction and normal
CT demonstrated that these groups were distinct in
terms of GSM (Kruskal-Wallis test, P < .001) and the
degree of stenosis (Kruskal-Wallis test, P = .002) (Table
II, Fig 1, Fig 2).
Pattern A was associated with a group of plaques that was
characterized by low median GSM and severe median degree
of stenosis as compared with pattern B and normal CT (asso-
ciated with a group of plaques characterized by high median
GSM and low median degree of stenosis) (Table II).
A multinomial logistic regression analysis indicated
that the pattern A CT infarction (dependent variable)
could be predicted (statistically within the regression
model) by the GSM and not by the degree of stenosis
(covariates) of the plaques, as contrasted with the pattern
B and the normal CT (Table III).
DISCUSSION
Ipsilateral CT infarcts were frequently found in the
presence of severe asymptomatic carotid stenosis (10%
Table I. Descriptive statistics
Ischemic brain CT infarcts
Pattern A brain Pattern B brain
Symptoms CT infarctions CT infarctions Normal CT Total
AF 8 (22.2%) 7 21 36 (100%)
HTIA 26 (34.2%) 16 34 76 (100%)
Stroke 19 (55.8%) 6 9 34 (100%)
Asymptomatic 28 (10.2%) 62 183 273 (100%)
Total 86 86 247 419
Pattern A brain CT infarctions: discrete subcortical, 63/419 (15%); large cortical, 10/419 (2.4%); small cortical, 8/419 (1.9%). Pattern B brain CT infarc-
tions: watershed, 5/419 (1.2%); diffuse white matter lesions, 50/419 (11.9%); basal ganglia infarcts, 32/419 (7.6%); lacunae, 4/419 (1.1%). Normal CT:
247/419 (58.9%).
Table II. The median values and the IQR of the GSM and the degree of stenosis for plaques associated with pattern A
CT infarctions, pattern B CT infarctions and normal CT
CT findings Median GSM (IQR) Median degree of stenosis (%) (IQR)
Pattern A brain CT infarction 11 (22) 80 (25)
Pattern B brain CT infarction 28.5 (37) 75 (30)
Normal CT 22 (36) 75 (30)
P value* < .001 .002
Pattern A brain CT infarction: discrete subcortical, large cortical, small cortical. Pattern B brain CT infarction: watershed, diffuse white matter lesions, lacu-
nae, basal ganglia infarcts.
*Kruskal-Wallis test.
CT, Computed tomography; GSM, gray median scale; IQR, interquartile range.
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to 28%),38-41 AF (10%-17.5%),38,42 TIA (12%-
48%),13,38-41,43,44 and stroke (25%-84%).1,39,41,43 Our
results are in agreement with the above findings. In our
study the corresponding figures of pattern A brain CT
infarction on the side of interest were 28 (10.2%) of 273
in patients with asymptomatic state, 8 (22.2%) of 36 in
AF, 26 (34.2%) of 76 in HTIA, and 19 (55.8%) of 34 in
stroke. These results appear in Table I.
Our analysis has shown that the pattern A brain CT
infarction could be predicted (statistically within the
multinomial logistic regression model) by the GSM but
not by the degree of stenosis of the plaques as contrasted
Fig 1. Patterns of brain CT infarctions versus plaque GSM. CT, Computed tomography; GSM, gray median scale.
Fig 2. Patterns of brain CT infarctions versus degree of carotid stenosis. CT, Computed tomography.
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with the pattern B and normal CT (Table III). In addition
(Table II), the pattern A brain CT infarction was associ-
ated with low median GSM (hypoechoic plaques), as con-
trasted with the pattern B and normal CT (high median
GSM, hyperechoic plaques).
A previous study has shown that the pattern A brain
CT infarction is associated with a high prevalence of
emboli and a high number of emboli per 30 minutes
detected in the ipsilateral middle cerebral artery on tran-
scranial Doppler (TCD) scan, as compared with pattern B
and normal CT (low prevalence of emboli and low num-
ber of emboli per 30 minutes).45 In addition, the same
study has shown an inverse correlation between the num-
ber of TCD-detected emboli and the plaque GSM.45 On
the basis of the above findings one should expect an asso-
ciation between the pattern A brain CT infarction and low
values of plaque GSM. This is what our results verified.
The pattern A brain CT infarction is associated with
hypoechoic plaque appearance (low GSM).
The same study has shown that the pattern B brain CT
infarction or the normal CT is associated with a low preva-
lence of emboli and a low number of emboli per 30 min-
utes detected in the ipsilateral middle cerebral artery on
TCD scan, as compared with pattern A.45 Taking into
account the inverse correlation between the number of
emboli and the plaque GSM, one should expect an associ-
ation between the pattern B brain CT infarction or normal
CT and high values of plaque GSM. This is what our
results verified. The pattern B brain CT infarction or nor-
mal CT is associated with hyperechoic plaque appearance
(high GSM).
All the above indicate that the pattern A brain CT
infarction is associated with hypoechoic plaques through
embolism, whereas the pattern B brain CT infarction is
associated with hyperechoic plaques. In this case probably
other mechanisms (other than embolism) are involved.
These might be intracranial stenoses, impaired collateral
cerebral circulation, or microangiopathies. The normal
CT has to be associated with the absence of any patho-
genetic mechanism.
Other studies examined the association of carotid
plaque echo characteristics and CT findings without dis-
tinguishing the different patterns of cerebral CT infarc-
tions.23,46-48
The strength of the current study rests on the objective
and quantitative assessment of carotid plaque echogenicity.
Indeed, our method has been shown to have a good inter-
observer reproducibility33 and reduced the variability of
the carotid plaque ultrasonic characteristics when different
gains, two different scanners,34 two scanning probes, dif-
ferent storage media, and different zooms35 were used.
The results of the current study have to be interpreted
by taking into account the fact that patients were recruited
in a vascular laboratory. The limitations of this investigation
were the lack of cerebral vascular imaging to detect intracra-
nial stenoses and to evaluate the integrity of the circle of
Willis and also the lack of risk factor profile to investigate its
impact on the relative frequency of the brain CT infarction
patterns. Also, the elimination of cardioembolism was based
on clinical and electrocardiographic grounds. No echocar-
diography or Holter monitoring was performed.
In conclusion, our results have shown that the pattern
A brain CT infarction was associated with hypoechoic
carotid plaques as contrasted with pattern B and normal
CT (hyperechoic plaques). Given the exclusion of car-
dioembolism, these findings suggested that the pattern A
brain CT infarction was predominantly the product of
carotid plaque embolism, whereas pattern B was related to
other pathogenetic mechanisms (eg, intracranial stenoses,
impaired collateral cerebral circulation, or microan-
giopathies and not carotid embolism).
Prospective studies of patients with asymptomatic
carotid plaques, associated with normal brain CT and
investigated with ultrasonic plaque characterization,
emboli detection with TCD scanning, MRA intracranial
imaging of the circle of Willis at entry, and having the
development of ischemic stroke with different patterns of
brain CT infarctions as a final outcome are needed to fully
prove our conclusions.
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